Fetuin/02-HS glycoprotein (02-HSG) homologs have been identified in several species including rat, sheep, pig, rabbit, guinea pig, cattle, mouse and human. Multiple physiological roles for these homologs have been suggested, including ability to bind to hydroxyapatite crystals and to specifically inhibit the tyrosine kinase (TK) activity of the insulin receptor (IR) . In this study we report the identification, cloning, and characterization of the mouse Ahsg gene and its function as an IR-TK inhibitor. Genomic clones derived from a mouse Svj 129 genomic library were sequenced in order to characterize the intron-exon organization of the mouse Ahsg gene, including an 875 bp subclone containing 154 bp upstream from the transcription start site, the first exon, and part of the first intron. A second genomic subclone harboring a 3.45 kb Bgl II fragment contained exons 2, 3 and 4 in addition to two adjacent elements within the first intron-a repetitive element of the B1 family (92 bp) and a 271 bp tract of (T,C)n (A,G)n. We [1'2] as a 49-60kD human plasma glycoprotein secreted into the circulation by the liver at a concentration of 0.4-0.85 g/L.
Human o2-HSG is a negative acute phase reactant protein [3, 4] and altered concentrations of c2-HSG have been reported in several disease conditions including Paget's disease, osteogenesis imperfecta, lymphoma, leukemia and myelofibrosis. 5 , 61 Several functions have been attributed to c2-HSG, including its involvement in immune response, [7] the chemotactic response of macrophages, 8, 91 enhancement of phagocytic function of human monocytes, [10, 11] bone mineralization, [12, 13] bone accumulation, [14, 15] calcification [16, 17] and as an inhibitor of insulin receptor tyrosine kinase activity 18] . Recently, Jahnen-Dechent et al. [19] [21] and three major domains-two N-terminally located cystatin domains, D1 and D2 (116-118 amino acids), and a single, proline-rich domain D31106-115 residues;j20" . Many key amino acid residues and the position of cysteine residues are perfectly conserved between human c2-HSG and the fetuins of bovine, sheep, pig, rat and mouse origin, I25, 20, 26, 21, 27-29] suggesting that the fetuins may be the homologs of human c2-HSG. Rat fetuin, originally named pp63, [3'311 secreted by rat hepatocytes in the phosphorylated state, I301 inhibits insulin-stimulated IR-TKA. [32] The gene for rat fetuin maps to chromosome 11 and spans approximately 8 kb, containing seven exons separated by six introns of different sizes. The rat fetuin cDNA sequence is similar to the cDNA sequences of both human c2-HSG and bovine fetuin. [33] When Yang et al. [34] first reported the deduced amino acid of the mouse fetuin cDNA, the question arose whether mouse fetuin was the true ortholog of human c2-HSG. They suggested that the mouse protein take the name c2-HSG instead of fetuin, because, unlike bovine fetuin, the mouse protein is not a major component synthesized by fetal liver. [34, 35] [39] The localization of the markers were determined according to the composite map of backcross panels.
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The composite map of the BSS panel data contains 451 markers, including 49 MIT markers. In these composite maps, the average centimorgan length of the 95% confidence interval for these markers is 7.6 cM (BSS). by the arrow) and a 0.9 kb Bgl II band (not shown). Summation of the sizes of the non-vector fragments in lanes 2 and 3 imply that clone KOA-1B, harbors a total of 18.6-23.0kb of mouse DNA, more than twice the size of the known rat and human AHSG genes (7) (8) kb; [49, 50] (Fig. 6 ).
Chromosomal Mapping of Mouse Ahsg
In order to map the mouse Ahsg gene to its chromosomal site, we targetted a PCR amplicon of 198 bp located in the 3'-UTR of the mouse Ahsg cDNA; using a site in the 3'-UTR was used to increase the possibility of finding sequence polymorphism between different mouse strains. [43, 44] The data indicate a localization of the Ahsg gene to chromosome 16 at approximately 16 (Fig. 7A ) in addition to a fainter band of a slightly smaller apparent molecular weight.
Inhibition of Insulin Receptor Tyrosine
Kinase Activity Jacalin lectin affinity-purified recombinant mouse c2-HSG (Fig. 7A ) was used to test inhibitory activity of the insulin receptor in a TK assay. Mouse c2-HSG was tested at concentrations ranging from 5 gg/ml to 20 gg/ml in the presence of insulin. Approximately 70% inhibition of IR-TK activity was observed at 15 gg/ml (Fig. 7B) GAACCA GGAATGAGCT GAATGAATCT GGGTAGGGGA TCTAACK3PG TGCCTCAAAG GCTAGCATC;T CCCAGTGGAG ATGGAATGC Cag tctATGAGCT GAAatAATgT GtacA-tGGA gCTAAtCagG TGCCTCAAAa aaTAuCATCa CCCAGTGcAa ATGaAA> FIGURE 5 Alignment of the proximal promoter sequences of mouse, rat, and human AHSG genes reveals an evolutionary conservation of putative transcription factor motifs, TATA box, and splice donor (SD) sequences. The mouse sequence is taken from Figure 2A ; the rat sequence is taken from GenBank files M36547 and X63446; [49, 26] the human sequence is taken from GenBank files Y09540 and M16961.
[55'211 Sequences were aligned using CLUSTAL. Transcriptional start site are indicated by double underlining. The C/ EBP-c and HNF-3fl motifs and the MET initiator codon are indicated by single underlining. The conceptual translation of the mouse Ahsg sequence is indicated above the line MMAHSG1. Where the rat or human sequence agrees with the nucleotide in the mouse sequence, it is capitalized; otherwise, mismatched bases are indicated in lowercase in the human and rat sequence lines. The human sequence has two insertions relative to the mouse sequence; the rat sequence has a single deletion relative to the mouse sequence, filling in the gap with a (-). The numbering above the mouse sequence line is relative to the mouse transcriptional start site defined in Figure 2 (Fig. 8 ).
DISCUSSION
The human glycoprotein c2-HSG acts as a specific inhibitor of the human IR, at the level of the TK. [18, 46, 47] [49] and slightly smaller that the corresponding intron in the human gene (2.3 kb; [50] ). Clone >,KOA-1B also contains a 271 bp tract of (T,C)n,(A,G)n adjacent to a B1 element of 92 bp. Numerous copies of B1, B2 and D1 elements are found in rodent genomes. [41, 42] repetitive element into the transcription unit. [53] Whether the B1 [56] [57] [58] Another site conserved between the rat, mouse, and human genes is the putative C/ EBP-c site at -58 to -45 (CCTTTACGCAATTCC in mouse). This site has been implicated in the cytokine-induced down regulation of the rat fetuin gene associated with the acute phase. [59 We have successfully employed the 3' UTR of the mouse Ahsg cDNA as a target for interspecies polymorphism. The 3' UTR region was chosen because it is not disrupted by introns in the human gene, [50] and, therefore, the primer pairs designed from the 3' short end of the cDNA should amplify the same 198 bp fragment from the genomic DNA. The 3' UTR sequences constitute a rich source of genetic markers for the mouse genome. [43] 48 These results demonstrate that the IR inhibitory activity of rat fetuin, I48 human o2-HSG, [18'46] and bovine fetuin [60 now extends to mouse c2-HSG. Together, these results suggest that the mouse Ahsg gene is the ortholog of the human AHSG gene. Additional studies will be necessary to determine whether the in vitro demonstration of IR inhibitory activity demonstrated now for four of these proteins (rat, bovine, human and mouse) has a physiological significance for glucose regulation in these species.
